Eleven patients with a restrictive cardiomyopathy are described. Seven of these had biventricular disease and in them the haemodynamic abnormality resembled that in constrictive pericarditis but the condition was distinguishable because of unequal involvement of the two ventricles, murmurs of atrioventricular valve regurgitation, or characteristic ventricular deformity on angiography. Two of these patients had eosinophilia with the clinical features of Lbffler's endocarditis. In 4 patients the disease was apparently confined to the left ventricle; they were investigated on account of atypical chest pain, third heart sound, or abnormal electrocardiogram.
Simultaneous measurements of left ventricular pressure and volume throughout diastole were made in 3 patients and showed rapid but abruptly curtailed left ventricular filling. Transvenous endomyocardial biopsy in 2 patients showedfibrous tissue with collagen and irregular elasticfibrils. Surgical biopsy in 3 patients excluded pericardial constriction but was diagnostically unhelpful because offailure to obtain endocardium. Necropsy in one patient showed that the heart had features indistinguishable from tropical endomyocardial fibrosis.
It is suggested that the spectrum ofventricular abnormalities in thesepatients resultsfrom endomyocardial fibrosis of varying severity and probably of differing cause. This study has shown that 'tropical' endomyocardial fibrosis may occur outside the tropics and suggests that eosinophilia may play a leading role or associated part in the genesis of some cases.
The early descriptions of heart muscle disease were based on clinical likeness. As it has become possible to investigate and define ventricular function with greater precision, the name given to the heart muscle disorder has described the disturbance of ventricular function and finds its counterpart in the pathological anatomy and histopathology (Goodwin and Oakley, 1972; Oakley, 1975) .
In this study, we describe a clinically recognisable group of patients who share a diastolic abnormality of a type which is not seen in patients with other primary cardiomyopathies nor in rare specific disorders such as amyloid heart disease. We wish to reintroduce the term restrictive cardiomyopathy to describe this group which includes patients with the clinical syndrome of Loffler's eosinophilic endocarditis as well as patients with angiocardiographic and necropsy findings typical of tropical endomyocardial fibrosis. pain was found on examination to have signs of right heart failure. Case 5 presented with bilateral intermittent claudication and was subsequently found to have a cardiac abnormality with a raised venous pressure and an abnormal electrocardiogram. Cases 6 and 7 presented with a constitutional illness, with fever, weight loss, cough, and biventricular heart failure, and had eosinophilia. Four of the patients (cases 1, 9, 10, and 11) were referred because of chest pain which had been thought by their doctors to be angina; if it had not been for this pain, they would probably not have been referred. Case 8 was asymptomatic, but evidence of cardiac abnormality had been found when he was seen at another hospital for an unrelated complaint.
The most prominent physical sign was a third 1 2 33 3, heart sound and this was present in every case. The third heart sounds were loud and early, between 0-08 and 0-12 s after aortic valve closure. Two patients (cases 2 and 3) showed asynchronous right and left ventricular third heart sounds on phonocardiography ( Fig. 1 ) but these were not recognisable clinically. In all the patients except cases 2 and 5, the third heart sound was best heard at the cardiac apex, rather than at the left sternal edge as in constrictive pericarditis. Sinus (Chew et al., 1975 (TABLE 2) (a) Biventricular disease (cases 1 to 7)
The filling pressures in both ventricles were raised and except in cases 5 and 6, the left ventricular end-diastolic pressures exceeded the right ventricular end-diastolic pressures by more than 12 mmHg (Fig. 5) . The left ventricular end-diastolic pressures ranged between 14 and 36 mmHg and the early diastolic pressures between 2 and 7 mmHg. The pressure record showed an early dip to normal followed by a steep early diastolic rise to a plateau which preceded and obliterated the a wave in 5 of the patients. In cases 1, 3, 4, and 7, the pulmonary artery pressure was raised. The mean pulmonary artery pressure for the group ranged from 18 to 38 mmHg.
Left ventriculography showed a vigorously contracting ventricle with a smooth featureless appearance most obvious in case 2 (Fig. 6 ), in whom there was slight mitral regurgitation. In case 5, an unusual apical filling defect suggestive of an intraventricular tumour was seen ( Fig. 7b and c ). In case 6, the left ventricle appeared deformed with a small apical filling defect, but systolic contraction was normal ( Fig. 8c and d) . Ejection fractions were normal in 3 cases. Case 4 was studied in Iran by Dr. Rashid Massumi and systolic function as judged ventriculographically was reported as normal. Volumes were not calculated in case 6 because of persistent coupled ventricular ectopic beats during ventriculography.
Right ventriculography in cases 5, 6, and 7 showed obliteration of the apex of the right ventricle, exaggerated contraction of the infundibulum, and tricuspid regurgitation (Fig. 7a, 8a and b). (b) Left ventricular dysfunction only (cases 8 to 11) The right heart pressures were normal. The left ventricular end-diastolic pressures were invariably raised (ranging from 18 to 32 mmHg) while the early diastolic pressures were normal; the left ventricular pressure records showed a 'dip and plateau' appearance (Fig. 9) .
Left ventriculography in these cases showed normal ventricular configuration and contraction. In 2 cases, there was diminished trabeculation and papillary muscle indentation giving a smooth outline to the left ventricular cavity. Ejection fractions were normal.
Coronary angiograms in cases 9, 10, and 11 were normal. Both ventricles were mildly hypertrophied but the most striking abnormality was the grossly thickened endocardium which measured up to 6 mm in some areas (Fig. 10) . This endocardial thickening involved the apex and body of the right ventricular cavity and the inflow portion and apex of the left ventricle; the endocardial thickening stopped abruptly with a rolled edge at the junction of the A0A group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from *ab inflow and outflow portions of the left ventricle. No thrombus was found in either ventricle. Histological examination showed zonal differentiation with a superficial layer and a granulation tissue layer containing dilated vascular channels and sparse chronic inflammatory infiltrate with no significant eosinophilic infiltration.
Endomyocardial biopsy of the right ventricle in cases 6 and 11 showed endocardial thickening with collagen and irregular elastic fibrils with no tissue eosinophilic infiltration.
Discussion
The main haemodynamic defect in these patients was restriction of ventricular filling and stroke output. Systolic contractile ability was not apparently affected in any of our patients though conceivably this could become impaired in the seriously involved ventricles. The presentation and clinical features varied considerably depending on the chambers involved and the severity of the haemodynamic disturbance. 
SEVERE FORM WITH BIVENTRICULAR DYSFUNCTION
A severe form of the disorder with evidence of biventricular involvement and clinical resemblance to constrictive pericarditis was seen in 5 patients (cases 1 to 5). Three of these patients were subjected to exploratory thoracotomy because of residual doubt even after investigation, and in order to carry out a surgical biopsy. With our accumulated experience of the haemodynamic and angiocardiographic features together with a growing reliance on endomyocardial biopsy, which is very useful in this Cc /. d-r disorder, the correct clinical diagnosis should now be made in all patients.
The characteristic loud and early third heart sounds reflected the characteristic pattern of ventricular filling which is illustrated in Fig. 11 . Ventricular filling was completed early with little or no further filling in late diastole. This mirrored the apex cardiographic and echocardiographic feature of rapid outward movement of the posterior left ventricular wall with abrupt cessation. The timing of the third heart sounds was well within the range recorded in constrictive pericarditis (Wood, 1961 (Shabetai et al., 1970) . Both in pericardial constriction and in restrictive cardiomyopathy the dip and plateau form of the diastolic portion of the ventricular pressure record is seen, and in both conditions the early diastolic pressures are normal, in contrast to the raised early diastolic pressures which are seen in both hypertrophic cardiomyopathy (HOCM) and in amyloid heart disease.
The patients differed from those with amyloid heart disease, a condition which is often cited as an example of restrictive heart muscle disorder. In cardiac amyloidosis, as in restrictive cardiomyopathy, the left ventricular volume is normal at enddiastole but there is usually also distinct impairment of systolic emptying, a combination that results in the extremely low stroke volume, low pulse pressure, and low blood pressure, characteristic of amyloid heart disease. In amyloid heart disease the diastolic pressure in the left ventricle is high at the beginning of filling so that a true dip and plateau pressure pulse is rarely seen. We have previously shown that the left ventricle fills slowly throughout most of diastole in amyloid heart disease, and that this slow filling is reflected clinically by the absence of a third heart sound (Chew et al., 1975) .
The clinical and haemodynamic features of case 5 were those of predominant right ventricular involvement, and a right ventriculogram showed features of right-sided endomyocardial fibrosis (Cockshott et al., 1967 (Fig. 7b) (Loffler, 1936; Brink and Weber, 1963; Scott and Bruce, 1975) , though there were no embolic manifestations or electrocardiographic evidence of conduction defects. Our observations and those of Bell at al. (1976) show that the haemodynamic and ventriculographic findings in Loffler's endocarditis can be similar to those in severe endomyocardial fibrosis. As is characteristic of severe right-sided endomyocardial fibrosis, identical pressures were recorded in the right atrium and right ventricle in case 6 (Fig. 12) . Ventriculographically both cases (6 and 7) had apical filling defects in the right ventricle, and a left ventriculogram in case 6 showed an undilated, well-contracting ventricle with an apical filling defect (Fig. 8) . 
I
group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from Exploratory thoracotomy and surgical biopsy was carried out in cases 2, 3, and 4. In each of these patients, the pericardium was found to be normal and the left ventricle small and thick walled. Histological examination of the myocardium showed a non-specific increase in interstitial fibrous tissue and some myocardial fibre hypertrophy. This well illustrates the difficulty in diagnosing a predominantly endocardial disease from a surgical biopsy as endocardium may not even be obtained.
The macroscopical and histological appearances in case 2 were typical of tropical biventricular endomyocardial fibrosis. The endocardium was grossly thickened and classically involved the apex and body of the right ventricular cavity and the inflow portion and the apex of the left ventricle. The endocardial thickening ceased abruptly at the junction of the inflow and outflow portions of the left ventricle with a rolled edge, as is commonly seen in endomyocardial fibrosis (Davies, 1968) .
Transvenous right ventricular endomyocardial biopsy in case 6 with Loffler's eosinophilic endocarditis showed endocardial thickening with collagen and irregular elastic fibrils but no tissue eosinophilic infiltration.
LEFT VENTRICULAR DYSFUNCTION ONLY Four of our cases (cases 8, 9, 10, and 11) had evidence of left ventricular disorder only. Three had atypical chest pain and were specifically referred for coronary arteriography. One was asymptomatic but had an abnormal electrocardiogram. These patients should be recognisable clinically by the unexpected third heart sound and the non-specific repolarisation changes on the electrocardiograms. The consistently raised filling pressure in the left ventricle and the shape of the left ventricular pressure pulse were characteristic.
The nature of the diastolic abnormality was studied in detail in cases 9, 10, and 11, in whom instantaneous left ventricular pressures and volumes were measured at 50 ms intervals throughout diastole (Fig. 13) . At the moment of mitral valve opening the ventricular pressure and volume were both normal and filling was rapid, but in middiastole the pressure climbed steeply to an abnormally high level and after this time there was little further increase in ventricular volume. When examined against time, left ventricular filling was rapid and abruptly curtailed, as in case 2. Because contractile function was normal and the atrioventricular valves not involved in the endocardial process, this rapid ventricular filling enables these patients to compensate by tachycardia for reduced stroke output. The characteristic early and loud third heart sound is the clinical counterpart of this haemodynamic abnormality.
A contrast may be made with hypertrophic cardiomyopathy (HOCM) in which chest pain is also a common presenting symptom. In HOCM, the early diastolic pressures are abnormally high (Fig.  14) and rise further during diastole, culminating in an augmented a wave. Left ventriculography further differentiated between the two conditions. Unlike that in patients with HOCM, the left ventricle was normally shaped but showed normal or (McKusick and Cochran, 1952; Thomas et al., 1954; Clark et al., 1956; McNamara et al., 1959; Bishop et al., 1968) . Brazil (Andrade and Guimaraes, 1964) , Ceylon (Nagaratnam and Dissanayake, 1959) , South India (Samuel and Anklesaria, 1960) , Japan (Nakajima et al., 1961; Yoshida et al., 1964) , Jamaica (Stuart and Hayes, 1963), Malaya (La Brooy, 1957) , Mexico (Contreras et al., 1971) , and Portugal (Coelho and Pimentel, 1963) . In Britain, a number of cases have been reported (Lynch and Watt, 1957; Faruque, 1963; Davies et al., 1965 The relation between these non-African cases of endomyocardial fibrosis and those of Ugandan type endomyocardial fibrosis as seen in tropical Africa and South America is difficult to ascertain. Connor et al. (1967 Connor et al. ( , 1968 Haemodynamically, our cases with biventricular disease are similar to those described as endomyocardial fibrosis from Africa and South America (Shillingford and Somers, 1961; Somers et al., 1968; Guimarfes et al., 1974; Bertrand et al., 1975) . We have, however, shown that a mild form of the disorder exists in our society to which little attention has previously been paid. These cases in our series would have escaped recognition if they had not complained of chest pain. In medically less sophisticated societies, these mild and asymptomatic cases would probably not seek medical attention; this may explain the absence of descriptions of early or mild cases from those centres in tropical Africa from which the classical and clinically florid forms were originally described by Davies and his associates (Davies, 1948; Ball et al., 1954) .
None of the predisposing factors postulated in the pathogenesis of tropical endomyocardial fibrosis, such as filariasis (Ive et al., 1967) or a diet rich in serotonin (Arnott, 1959) was relevant in our cases. None received drugs such as methysergide, busulphan, or daunorubicin which have recently been implicated in the development of endocardial fibrosis (Bana et al., 1974; Weinberger et al., 1975; Wilcox et al., 1976) . Roberts et al. (1969 Roberts et al. ( , 1970 suggested that there might be a spectrum of eosinophilic heart disease ranging in severity from Loffler's eosinophilic endocarditis, the most acute and fatal form, to Ugandan type endomyocardial fibrosis. The evidence so far linking Loffler's eosinophilic endocarditis or the cardiac disorder occurring in other hypereosinophilic states with endomyocardial fibrosis without eosinophilia is reviewed by Oakley and Olsen (1977) . Pathologically the two conditions are often indistinguishable (Brockington and Olsen, 1973; Olsen, 1975) and there have been reports of patients who present with an initial hypereosinophilic illness, survive, and who are found at necropsy to have endomyocardial fibrosis, in some with features identical to Ugandan type endomyocardial fibrosis (Blair et al., 1974; Frenkel et al., 1975; Libanoff and McMahon, 1976 (Archer, 1965) and some components of human complement (Lachmann et al., 1970) . Eosinophils can phagocytose immune complexes (Sabesin, 1963; Litt, 1964) ; morphological changes in the eosinophils are recognised and Connell (1968) The absence of eosinophilia in some of our cases and in those from tropical Africa in no way invalidates this hypothesis. Eosinophilia may not be sustained even though the damage caused by or associated with it proceeds to healing with fibrosis, a stage of final scarring which we recognise as endomyocardial fibrosis when it occurs in the tropics and which we suggest occurs also in temperate climes and in milder form. Van der Geld and his associates in Uganda (1966) found a high incidence of circulating autoantibodies to heart muscle in endomyocardial fibrosis using immunological staining methods, and the incidence and severity of endocardial lesions in a population may reflect variable individual autoimmune responsiveness and account for the predilection of endomyocardial fibrosis in Uganda for immigrant groups from Rwanda and Burundi and relative immunity of the local indigenous Ganda tribe (Connor et al., 1967 (Connor et al., , 1968 .
A less severe or less sustained endocardial process easily explains the existence of mild cases which are likely to have a good prognosis and would be unlikely to be recognised except for the chance recognition of a cardiac abnormality in an environment where diagnosis is aggressively pursued.
The group of patients described showed a restrictive cardiac disorder which varied in site and severity, thus accounting for the wide clinical spectrum. Our mildest cases, whose disease predominantly affected the left ventricle, presented because of chest pain which may be only a rare symptom in this disorder but which led in them to further investigation. Such patients should have a good prognosis, but in the more severe forms, with biventricular and valvular involvement, the prognosis may be much less good (D'Arbela et al., 1972) , though even these patients may live a number of years (Chusid et al., 1975) . It is in the most severely affected patients that endocardial resection and valve replacement may occasionally be carried out successfully and with benefit, as has recently been reported by a number of American and European workers (Lepley et al., 1974; Dubost, 1975; Cachera et al., 1976) . 
